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m x. 12V iotl ^ISS: S = Ss, fijgij t? ^tz'yy Y)V Y mnJjfil, ? > K 
;Vh^07v§^. a I/->g ^jft*^Srf6^a52 3 0 fc^j^U ^ : &'J2 4 
0 l-IS'lft" ^>o 

[0 0 6 3] 

El 8 K % ±fB^ -r y y'S 4 0 5 <DMmi^ S lx-v 3 >^7D-ft-^ 
— -4- 

»-#«&2 lOli, Xf^SlO 5^^/c$tW3^W (x, y) frhmmWi 
■' (*. y) «r^^il)t#tS (S 2 0 3) 0 
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[0 0 6 4] 

[ft 8] 

f ( x , y) = e ' kW (x - y) 

(i :ittt k :mk^ (2*/a) , a : afcft) 

7 -/S 2 0 4 i: i f) ^Siaat^O T F *^*-5o 
2 1 0 fct, iOtif f ( x , y ) * 7 - V J-SEJJW- & i t \Z X 0 *{£<£®II53* 

(u, v) **^tas?:oJ:dJw^:i6& 0 

[0 0 6 5] 

[ft 9] 

CO 

&fB U(u, v) = J Jf (x, y) exp 

-oo 

(a :r^*> mm) i-com (u, v ) ifc&ofcwjacfc 

L> ^ttt'iS^f-f ^Mi^-eo^^ (x, y) : rartoffigRft) 

[0 0 6 6] 

i»^2io(i, u ( u , v) b*<D&m#&*mwx. x&izz*) &vmm 

f&fi (PSF) X*$>hl (u, v) &;£i6& 0 
I (u, v) =U (u, v) U* (u, v) 

[0 0 6 7] 



1 ^-(ux + vy) dxdy 



R X 
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MU o] 



R(r,s)= J Jl(u,v)e- 



dudv 



( r , s : ommmmmcomk) 




[0 0 6 8] 

?t#g|S2 1 Oii, 7>K;H1 OU$&H.<Dm OTOffllLand (x 
, y) 2 4 0^#MLTft#1-^> (S 2 0 5) o ?Hlt§&2 1 0 La 

nd (x, y) ^2^jty-->)J~^LX^mm^^FR (u, v) 
& (S 2 0 7) o 1^2 10li> y y K;v (XiiffitcDftO <E>£fflJg&& 
^FR (u, v) ^IWo^FhIM^^OTF (u, v) £ ? Kth 

tt^t)^^Cli:^\ BRO^mS^^MI^^OR (u, v) *i£sbZ> (S 
2 0 9) o 

FR (u, v) XOTF (u, v) -+OR (u, v) 
[0 0 6 9] 

ofi:, I^2 10l±, OR (u, v) &2^7n&-7-i;^#ILT9> K 
)\< (3Ui. tel&SDm <Dmm$-J$mi%LL a n d I ma g e (X. Y) 
& (S 2 1 1) o il!J?3B2 lOli, Landlmage (X. Y) , P S F (X 

, y) ^£^7^230^ m, j v ?r-?, yyyw/xtemmm 
<^m±(7)^^^M±^ l> -eoT^-^M:^ 1 ; 2 4 o&cfeitl-&o 

[0 0 7 0] 

m) ^is^u, **=v 2 4 o t7> V)vhm<v±% ^^m-rm^m^niBLx^ 
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[0 0 7 1] 

HI 1 0 f , /^-h7?fW7n-ft-h *^1"o 
*|r#g|$2 1 Oti. Wcfc^tLtz^y V^hW^>±^^K^^y^\y- MK££ 
2 4 0*<btt*JR*K ^KMTOTemp (x, y) ( 
S3 0 1) o O^C, IIH2 10tt, Temp (x, y) O 2 2fc5E 7 - V .xje 
»FT (u, v) (S 3 0 3) o 9tJH$2 1 0 W\ »©yUl/- 

u, v) OR (u, v) ttV^fOSIBIiifeTOFT (u, v 

) &^<3 £ -5 fc#lt-£fr^ OTmp (u, v) (S 3 0 5) 0 

OR (u, v) XFT (u, v) -+0Tmp (u, v) 

?I#S|52 10(±, OTmp (u, v) *—&7um7-Vx-Wm*ft\<\ Tmp 
Im (X, Y) (4 aX4 aOttS&atffyiJ) &5fc#>& (S 3 0 7) oI#^21 
0B\ Tmplm (X, Y) O^iOtTct^lfLt^tn (S 3 0 

9) o 

[0 0 7 2] 

4-2. miEr-*nm mrnsm-2) 

o 

^f|52 1 0(±. «OT£|fcS r & (S 4 0 1) 0 ^OfHi^ov^ 

t±> T4 - 1. «jE7*-^#m : mmmm. (i) j ©^t^s 4 0 1 fciw-e 

o^;, «K[gP2 1 0»d\ yUV-yg >/B#Mj£»:S sOf^^^f^ 
(S 4 5 1) o S s&> MUTte, S r KfcfU SSflEEKRjg S s = S r 

+ 5D) f^oIil^lOft : F*£i&'b*tfc«27Vs (tfflxJ^ Vs = 0. 
1) <D?>F)l<hm<DWifc*fto (S 4 5 3) o 
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[0 0 7 3] 

^T^S 4 0 5~S 4 2 1 K&v>-C, ±^<7) T4 - i. $fiE-r- : *t 

mmm. (D j oiwj^^^xy^tiwi^ic, Mirgis2 i on, 

^7^5 4 2 1^ 2 10 CO^SIS 2 1 2 ii, ^TO^tv ^ ^- V 

mT'£?zfrmmir2> (S455) 0 Xf77 p S 4 5 5fYe s <7)^, MJEmm 
W&2 13(i, S = Ss, V = Vs iittlv ll^lVs=Vs + 0. 1 

<Dy> YfrY^tDWtfEmil (S 4 5 7) o -^O^ ^r^S 4 0 5 HJi*, 

*^f1-^>o — 2r\ •7 7 t S 4 5 fl#^2 1 0 12. 7*-* ft 

#£^9 (S 4 2 3) o 1"&;b*>> Tf#S|S2 1 Ofi, 

W~ >s >M:f:£^g& 2 3 0 Kfc/KU ^€'J 2 4 0 KffiHii- & 0 
[0 0 7 4] 

4-3. MiET-^^^m (aa-D 

m^U2 1 oti, i^oxf^s 4 o i hiwi^^, ^j«e^s r ^mi- 
's (s 4 o i ) o o§r^ 2iott, -> a >mm%mtc s ^ 

IS^^T? (S5 0 1) o^ilf, CsliOtUUv^U V7<it> & L < l± 

wmumfr h^m Lfz&umwtc & t*zm^?z ^ , ^ s 3m c^omizmm*? 

-tr;v-/r^^^LTC s £1211 b/iMS^^^ ^ V 2 4 0 KfeifL-CiS^ 
^-^^^BSUT^-r^ £w 0 og^c. }£$rs&2 1 0(i, IS^Vs (^!l£ifVs 
= 0. 1) ©7> Y)VYm.Wtm%ft 7 (S 4 5 3) o 
[0 0 7 5] 

4 0 5~S 4 1 3Tfi, _t^t Ib^c, mMU2 1 0 «\ 
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*J5£SB 2 1 2 *t ? 7S 4 1 1 X»± S 4 1 3 T?N o <Z>*£\ 7 > h>M 

2 4 0JCSB«LT*5<o 

7^S4 1 9 <£>^ Xfi^T" y /S413T?Yes iftlKB 2 10 

±fttm%k^ XT y/S 4 2 l&tt'S 4 5 5^*yffi£3Gfrt*o 
[0 0 7 6] 

^T7rS 4 5 5TiS^^O^m±TOJT^fci:fIJifL^^ ft*** 
2 lOli, WSfe^^LTV^JjKES**:^* 1 ; 2 4 0 icfBtfrtA (S 5 0 3) 0 o 
«JESXKbgffi2 1 3 f±> V = V s bWtfcU ttz, WJV s = V s + 0 
. 1<Dt> Y)VY^Wt^t^ (S 5 0 5) ofOf, S 4 0 5 £31^ M&T 

aWvg > ^^fV^^liftT*- 9 *$itb, XT v -7°S 4 0 7 J^O^M^UtT 

— ^ ^f77 P S 4 5 #U5eS&2 1 2 ti % ^-COgLfcWlfcgtfr 

ft (0-18 0) a V-va >Lfc;H3j$rt& (S 5 0 7) o litNo 

<0:&£\ »jEH*aa:5feSB 2 1 3l±&m«lfc£As*llMg"*-& (#!JxJ2\ As=A 
s + 5) (S 5 0 9) o *<D&S 4 5 3 t:l<^, ^fy/S 4 5.3£IMI?: 

[0 0 7 7] 

og^ HI 1 3 £#MU *l)^f|52 1 2&XTvfS 5 0 7tYes 2:#lJ®fL 
)fc*£\ M#S2 1 OW»iE55*K5fe«5 2 1 3 t±. affi«A]|At LT^V*« 
iot^l^o/cti^As^At^ (S 5 1 1) o SL&tt^lftAti 

<7>¥USU-e i T^fto n h (Dm-tfWck t%z>i><D *wttetz> o i tact 9 . SL*Mft 

^SA^^^tLfCo 

^r^7 P S453. S405-S413 ±^O^ifeO^£§t?m^ L£ X 
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o 

[0 0 7 8] 

$J£*R 2 12li, ^f?7 p S4 11XliS4 13t?No <D^^ C s j&^Ffcjg 
ftibtLfe^^i (flr|xJ4\ Cs-IOD) *jB£;fc:WW**a (S515) , i 
ut'NoW, »jE3?3M»£«2 1 3 l±C s OfciESS^fc^TBK WfcfcL (ffl 
xJ4\ C s = C s - 0 . 2 5 D) ( S 5 1 7 ) , 9T&ffl& 2 11li, £ 

*>»jER*K*^& 7 > b#Mlftv 5aV—>3>*^ (S405) 0 

2 1014, C CO v 5 a. V - ~> 3 V (C «fc V) # t, tt7t|l^«llj^T'- * (C O 
VW'^S 4 0 7mPfcoM^#JIL^f1-^>o $lj£l8 2 12(4, 7. 

T7^S4 15tYes *>*r£\ 9 > h »JSU^fEfc*IJ8ff L ( S 4 1 9 ) , 
£ <D t § O^Ip] i: „ £ (D^jMVfaSmx^ o/;i^^^'J 2 4 0 KfBflt LT& 

^f7/S4 1 9 <7)&Xl*X-T v zfS 4 1 3 "CY e s *ISfe«B 2 12(4 

> 9> K;Vh^<7)^:-C^lPl-ev^a.V-vg >L?zfrmm-$-& (S42 1) 0 

No ^f77'S 4 0 5(:l^ vfC#fB 2 1 0 l±^T <O^T|pJ-e± 

^<7)^S«r#JIi- 0 —2k ^f'^S4 2 1fYes ?ICjf§|5 2 1 0 (4, 

m^fam<v*ft&±m^£fzfrmm-$-2> (s 455)0 --t-y e s 

, *B#S&2 1 0(4, W36$*ltv^»jER3R (C = C s) 2 4 0 KfBM 

(S 5 0 3) o #CK, flKER*W3£«|5 2 1 3(4, V = V s fcH5&U Sfc. 
m*Vs=Vs + 0. 1^7>F;i/M^t* (S 5 0 5) o -e<^, 

>>--7°s4 o sKmfr, m\n.-r~9^m%2 1 i(4, ta^^tL^iER^^v 

7"S 4 0 7 &te*>&S4r!!fr*-*o 
— 4 5 5tNoOl^ 8t#*B2 1 0 te^r-^ffi^^T? (S 
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[0 0 7 9] 

4-4. miEr-titm fflM-2) 
014^ mmr-tMrn (mm- 2) «7n-f^-f^t 0 

m-r&o ia#g&2 1 oi±, mm^^-v^xvmmmftmAszwtTs, 

(S5 5 1) o Aslt fllx-tor, BEK:fc#P>*Lfc^/l/:^#&^£££s 

^f^'ssoi x~te±m<D x 9 k> mtm 2 1 0 {4 v 5 a. ix- v 3 

fel^^fftSo ^f^S 5 0 3fci3V>T, iitli, M#fl5 2 1 0 (4 

, mTEMBt UTC = C s, A = A s fcSBttrf &o 

^r-^S 4 5 5 T^5e^l^]^:<7)^J^±*iJSljT § fc¥(l»f Lfc#£\ m&u 
2 10li, 1$&m&1&TfrmWr'tZ> (S 5 5 3) o No^, fo&B 

2ioit ti&Bt&£ftMMABt<o , tommfe*?f 3 ) (s 5 5 5) o m®wm<7)?j 

#§§BS5 5 - 1 5 1 9 3 7-f^M)HC|a«l$*L3tffll36S**ffiv>-CfflL 
[0 0 8 0] 

#<2r¥ 5- 9 0 9 2 ^mzmm $ ttfc & o (4. JB^f* 0>**MI[jW L < S>» 
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[0 0 8 1] 
[0 0 8 2] 

mm (C=Cs, A = As) £;*^r>; 2 4 0 Kffi'|f-r& (S 5 5 7) 0 

^r»;ys 5 5 3tYe s <7)^, ?tfl|S2 1 Oiif-^ffiJ^ ( 
S 4 2 3) o -T&fr-fc., ^#§152 1 0f£. CO £ OJMSifcS > *12jV. 3L*i 
J&^C\ A. $0 mx*% f^|*u y5aWy 3 ^^2 3 OK^L 
, ^'J 2 4 0 

[0 0 8 3] 

4-5. miEr-?nm mm.- 3) 

Ell 5 ^.^iET^-^^iiJ (SL^-3) «7n-ft-h^^fo 
^T77 P S4 0 1 "Cfi. _L&<7> J: ? Km.nU2 1 0 tflttS r £Jfffi 

^gi5 2 1 on, $mm%~x&z>mmwtc siwi^tA s 

. JrkMffllrillMh^^OfliiS;^^ (S5 7 1) 0 £*Lf>£Mfif3:. **V2.4 0fc 
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1^2 1 0(4, Wx.ll C s = 0. A s = 0. Mh = 0l:W^t-S o 

mm&2 1 0(4, BE^^*feife®JRiS^*^#> MTF (Modulation Transfe 
r Function) *jfffi"f& (S 5 7 3) o MT F <D&fa&fflM--ftfete&T&1r2>o ft 

JU-f* (S 5 7 5) o itmrnm-^Mt Uli, fllx.!*, MTF«, MT Fliff 

&L<(43, 6. 12, lScpdO^fflv^it^-CiSo 
2 1014, ^^^tLTV^A st, M^^*'J 2 4 0 Kffi'lt LTfc < 0 
[0 0 8 4] 

1 o<Dmmu2 1 2(4, M^Mh^jirf « (s 5 7 7) 0 ^-cn 

0 <D*£\ Xf y -7°S 5 8 1 — Yes ft#*B 210 OffilE 
^fct8!5fe*P2 1 3(4, Mh=M, A = A s ^1"* (S 5 7 9) o 

2 1 2 (4, As^l8 0£JLt>H«1-& (S 5 8 1 ) o i^T'N o <DWi&, $fIE 
^tl£;e§&2 13 ti, SLm^^As^EI^-t^ ($Ix.(4As=As + 5) (S 
5 0 9) o ft#£l$2 1 0(4, Xf77 P S 5 7 5 (~Mo T4CT£li *) «~ 

-t-c, o~i 8 om<Dmnmr-M^m±t^^^mm^m. (m^m&x 

(45^»t) ^O^OMOilt A s <^fl£;fc#>& 0 

Xf^SSSltYes^ gp-t>, SLMfli^JgA^^&h, 

1 0 (4, SLm^^-C s, A s =A(c^cf§, MTF$:#ffitl. (S 5 8 5) 0 ft 
#g[5 2 1 0(4, 0-1801 (^iJx.(4 5J£^Pi) -CO#MTF®fW^ 
Jt^fflifcffiM^#ffii-^> (S 5 8 7) o 

[0 0 8 5] 

m^M2 i 2(4, ^m^tL^M^^m-r^-ristariic^Jifi-^ (s 5 8 9 

) o Mx.il <T*U4, *^:^Mhft/h^MOM^i6^i6otL^P{it t £ -f ^ 
T/h^ < ^o-CV^^<^9^^lJ|lff1-^i t^-e§^> 0 Xf7 7°S 5 8 9-CNo 
*>*£\ ft#*B 2 1 0 (4, Mffi»C s ££T (WxMJC s = C s - 0 . 2 5) 
(S5 9 1) , XfyT'S 5 8 5«OM^i^to Xt? 
7"S 5 8 9 "C Y e s ft#B& 210 (4, C = Cstn (S593) 0 

ft#£&2 1 0(4, **fe^a«fi|»[C, Mtt^lA^^'J 2 4 0 (C|51S 
U ifrS?fcJ&£T\ WfW2 3 0 \Z.Wf1tZ> (S 5 9 5) „ 
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[0 0 8 6] 

(MTF^ffi) 

Oft:, MTF (Modulation transfer function) O^ffl^ov^TSi^-fSo 

^mi"-5»/ia6^ji;<^^tLTv^ 0 ClOMTFfi, fila-if. lmmtz*)^ 0-1 
0 0 jE^^O^^T- KM t T 0^5t#tt 1r %> £ t H *^iiJi~ 

Sf, #"feMTF£«RilW (x, y) ^«c>lfffi1-&o W (x, y) 

rMJJXM^fflv^ £ t i> t? § & o 
[0 0 8 7] 

ttH&f (x, y) WmWMfrb&TF C> &o 
f ( x , y ) = e i kW (x, y) 

ei£T\ i : k : &f&-^ MV (2 */a) -C2b* 0 

^<7)»§lifcf (x, y) ^3E«i^*ifctiJ: »K MoSttfl' 

^TU (u, v) TO4 0 
[0 0 8 8] 

lati 1] 



--■c\ a R : (MK) (u, v) :mWLt 

[0 0 8 9] 

z tz, ^ittomm^ u (u, v) t *<D®m#®.*&v * 1 1 k * »k *ft 

(PSF) I (u, v) rt^t&o 
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I (u, v) =U (u, v) U* (u, v) 

$$>k, ^^aijK^i (u, v) zy-v^m^tz t&\z, ^fci$>&Q 
mmmnx-h* (r (r, s ) ) m+Mt^T?^^^ otf (optica 

1 Transfer Function) if^.'t^bo 
[0 0 9 0] 

[mi 2] 



CO 

R(r,s) = J Jl(u, v)e- i2 ' <n,+sv) dudv 

-oo 

r, s \^mmmmm<vmtxhz>o 

[0 0 9 1] 

OTF (u, v) =R (r, s) / |R (0, 0) I 
tfz, OTF^I^^MTFt^^Tt^^ 
MTF (r , s) = I OTF (u, v) I 

f^mtf A tm-rt, 

[0 0 9 2] 

[mi 3] 

MTF,(r,s)d/l 

MTF(r.s) = J 

Jo) A d/l 

[0 0 9 3] 
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JWW&Ktt, &<7>3IE'fe (RGB) jfc ^J£{i\ 6 5 6.2 

7nm:i. 5 8 7. 5 6 n m : 2 , RZF 4 8 6 . 1 3 nm: lWitit 

MTF (r, s) = (1XMTF 6 5 6 . 27 + 2XMTF 5 8 7 . 5 6 + l 
XMT F 4 86. 13) / (1+2 + 1) 

[0 0 9 4] 

Zfz, fifeMTFIi, — ?jfcj£ (8 4 0 nm) <D&.T?MfeZti&<7)-?. Z<DM 

HS-COill^S^ «J£ft 8 4 0 nmt'^ti, HMHIJCJ: 8 4 

0nmt?O«iW 8 4 0 (x. y) frt> *>"f*L*MI£"*- ZUlWMW & (x 
, y) £OfeJ|X^W A (x, y) KW 8 4 0 U, y) fcJfcL^fc* 

W A (x, y) =W 8 4 0 (x, y) +W A (x, y) 

[0 0 9 5] 

^SlOl-SlO 5<7)%mii, llO»il^iT^^ 0 o^;, jg£ 
«B2 1 0H\ ^MJg«:^ov>ro»iET*-^«r#ffi-r& (S 15 1) , i(7)^ 
W^ati, _t|B T4-1. SSjE7*-**ffi («t-i) x*i T4-2. »JE 

[0 0 9 6] 

»#SB2 1 0O»iE55*tS^«2 1 3«. ^^TtS&MjgifcSKg 
^K»CKJ£C:fcfl[ C/2) £^DT, WtS©Ul 
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§^ mnU2 1 Oti\ ?\ffiJ&fr\Z^X<DMlET-9*n\&-t2> (S 1 5 3) 

o i^MWiii> -tia T4-3. miEr-^nta (sui-i) _u u-4 

. ^lE^-^^m J Xii, U-5. miEr~?n\& (am-3) 

[0 0 9 7] 

6. ^ie^#ij^^ m3<DnM<Dfm) 

^fyysl01~S15 3 O^Ste, 3l2 0^<^S£|i«T£&o 

»*«P2 1 ot±, imm&*vmi&L (shd > xt7/s 1 o 9t?*± 

[0 0 9 8] 

Hi 8^ fffiSMil07D-ft- h*^i"o 

^t-;-/S 4 5 im ±5EOJ:-9^ ?I#§[5 2 1 0 (±, Hffi£ti£S, C, 
y5al/-y 3 >if|lfts s&ig^-f&o ?ft#§|5 2 1 0 

t±> S s <7>3fIEll£3gT (ix.lJSs-0. 25 D. Ss + 0. 25 D) 

(S 6 0 1 ) o ^T^M-T^ltfi^ £<7>MT?{i. Ss±nAS£U ^ 
#5e#fc*Lfcg£Ef&Hfc-f-&o 0lx.lf. A S = 0. 2fcU n = 0, 1, 2. 3 
^-f&fc, WW.m$, Ss-0. 6, Ss-0. 4, Ss-0. 2, Ss, Ss 
+ 0. 2. Ss + 0. 4. Ss + 0. 6t^^ 0 
^f7/S 4 5 3^^S413 TJdU 2 1 0 tt, ±JfiO||J60^|g-eK 

h-ryf->^0*«yffi*3fcff"ta (S 4 0 7) 0 

¥05e§R2 1 2^ Xf'yys 4 1 lXfiS 413tNo tmWLfzm& 
, »H«P2 1 0*4, 9>K^b5|ipJai^«Bfc't* (S4 1 9) o SC*SB2 1 0 it 
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Xf^S42 1, S 4 5 5, S 5 0 3, S 4 5 7li±l^it$)l.o 
[0 0 9 9] 

7f7^s 4 5 5t, fo^S2 1 2 it, mttfa&<D¥fr&±m\}'e£-fctm 

MLtzWti?, $kM%p%%&Ti~& &m m-f h (S 6 0 3) o ZZX\ No«, 
^f';yS6 0 1 KMfrs $mm%LS s^^ZE-ft^^^MLT, 77^5 4 
5 3 W<7)^a^^l9^Ei- 0 ^t'J 2 4 0 Kit, Xf'^S 5 0 3O 

XT y y°S 6 0 3 T*Y e s <7>m&, 2 1 0 it, ^€V 2 4 0 Kt* 

^^M^lfd (S 5 9 5) o ^#fB2 1 0(i^ XT yfS 6 0 1 O^Ptff^J: 

xtf, 2 4 OlcIB'It^tL^'ft^^, ^O41^J^±(7)^B^^t 0 ^^T 

ffitmm LtzW. t IT^^'J 2 4 0 Hffi'KI-^ £ t &X # & o 

[0 10 0] 
7. #|S 

£ n > t: a. - * £ « fctfx^IET' - * fl^^n ^ 9 A , $f IEt*- * 
[0 10 1] 

^Blor^MJI^^^I-M^T-'- * it, mi x-^-ryt^m 1 0 0 iz x *) J$itf>X 

[f§HJO^] 
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